Cbl and Itch binding sites in ERBB4 CYT-1 and CYT-2 mediate K48- and K63-polyubiquitination, respectively.
ERBB receptors have an important function in mammalian development and normal physiology, but overexpression and poor downregulation of ERBB receptors have been associated with malignant growth. Ligand-induced ERBB receptor signaling is terminated by clathrin-dependent receptor endocytosis, followed by incorporation of activated receptor complexes into multi-vesicular bodies and subsequent degradation in lysosomes. In the case of ERBB1, also known as the EGF receptor, it has been shown that ubiquitination serves as a signal to facilitate internalization and subsequent endosomal sorting, but little is known about the role of ubiquitination of other ERBB receptors. In the present study we investigated the regulation of ubiquitination and deubiquitination of the ERBB4 CYT-1 and CYT-2 isoforms in the context of chimeric EGFR-ERBB4 receptors. We demonstrate that EGFR-ERBB4 CYT-2 chimera shows decreased ligand-induced downregulation and EGF-degradation, as well as enhanced EGF recycling, when compared to EGFR-ERBB4 CYT-1. Moreover we show that the mutation Y1103F in the binding site for Cbl which is present in both CYT-1 and CYT-2, does not influence ERBB4 endosomal trafficking. We further demonstrate that total ligand-induced ubiquitination of CYT-1 is higher than that of CYT-2, whereby CYT-1 ubiquitination is mainly dependent on the PPXY(1056) Itch binding site for the E3-ligase Itch which is only present in CYT-1, while that of CYT-2 is dependent on the Y1103 Cbl binding site. The E3-ligase c-Cbl is more efficiently phosphorylated upon EGF stimulation of the CYT-2 than the CYT-1 isoform. Moreover our data show that the pY1103 Cbl binding site is required for K48-polyubiquitination of both CYT-1 and CYT-2, whereas the PPXY(1056) Itch binding site is required for K63-polyubiquitination of CYT-1. We further demonstrate that EGF stimulation of EGFR-ERBB4 CYT-1 and CYT-2 does not result in efficient binding to and tyrosine phosphorylation of the ESCRT-0 subunit Hrs. Finally, even though CYT-1 shows ligand-induced K63-polyubiquitination, it is not subjected to deubiquitination by the K63 polyubiquitin-specific AMSH deubiquitinating enzyme, while CYT-1 is slightly deubiquitinated by USP8. We conclude that Cbl and Itch binding sites in ERBB4 CYT-1 and CYT-2 mediate K48- and K63-polyubiquitination, respectively.